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PLACENTAL HUMAN NEUROKININ B PRECURSOR 

Trie present invention is concerned with the detection of the production of the 
human precursor of neurokinin B by the placenta and to the detection of the 

5 production of neurokinin B gene products, or variants, or fragments thereof 
as a means of predicting tne onset of pregnancy induced hypertension or 
pre-eciampsia or related foetal complications (or following their course). The 
application ts also directed to methods of preventing or treating pregnancy- 
induced hypertension or pre-eciampsia by suppressing tne effects of 

10 excessive neurokinin B secreted inio maternal blood. 

Pregnancy-induced hypertension (Plli) and pre-eciampsia, two of tne most 
elusive and complex conditions of pregnancy, nave been very difficult to 
define and manage. Pre-edampsia is still one of the most common and life 

15 threatening complications of pregnancy m the western World The primary 
cause of pre-eclampsta has been difficult to elucidate because its signs and 
symptoms have always presented as a cluster of conditions. Hence, it has 
&een Refined as a syndrome, commonly presenting with the features of 
maternal hypertension and proteinuria, but including extensive complications 

20 involving the maternai liver, coagulation and nervous systems (Hennksen, T., 
(1998) Scand. J. Rheumatol. Sup pi, 107 86-91). Tne clinical problems of 
pre-eciampsia normally become apparent only in the second half of 
pregnancy and are believed to emerge dunng the first trimester. It would 
appear that pre-eclamptic complications only present if placental tissue is 

25 present in the uterus of the mother indeed, cases of hydaiidiform mole can 
present with pre-eciampsia where the uterus only contains disordered 
placental tissue (Nugent, C.E. er al (1966) Obstet, Gynecol- 87 829-31). 
Once pre-eciampsia is diagnosed during the course of pregnancy and the 
placental tissue is surgically removed or expelled during birth the condition 

30 ultimately clears. There nave been many suggestions about the causes of 
preeclampsia ranging from the development of a poor placental/uterine 
vascular system to the immunology of incompatibility between The mother 
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and foetus. Though these theories do have some substance they do not 
account for the systemic effects of this syndrome. Many symptoms are likely 
to be the result of secondary effects of hypertension and not the direct cause 
of the syndrome Early detection of the development of PIH or pre-eciampsia 
5 would therefore De of great benefit in allowing precautionary measures to be 
taken, including specific treatment of hypertension and other complications 
associated with preeclampsia such as seizures, blot dotting problems etc. 

The placental damage visible and hypertension observed in an expectant 

lO mother with pre-eciampso has been implicated in an increased risk of foetal 
complications including growth retardation and foetal hypoxia, in extreme 
cases this could be a cause of miscarriage. In other studies, pre-ecjampsia 
has been postulated as a maternal and foetal adaptation to foetal growth 
retardation. Since not all women with foetal growth retardation develop pre- 

15 eclampsia the decisive factor is a maternal response (Walker, J. (2000) The 
Lancet 356 1260-1265). Characteristics of tnis adaptation are present in not 
only pre-eciampsia but also in foetal growth retardation and miscarriage. For 
example, the failure of the normal expansion of plasma volume in the mother 
is associated with both impaired foetal growth and pre-edampsia 

20 (Gulmezoglu AM, Hofmeyr GJ {2000} Cochrane Database Syst Rev 2 
CD000167). Problems observed in pre-edampsia such as thrombophilia are 
suggested to be the resutt of thrombotic lesions in a pathological placenta 
{Mousa HA, Alfirevicl Z (2000) Mum Reprod 151830-3). It is apparent 
therefore that pre-eciampsia and foetal growth retardation and foetal hypoxia 

25 are linked, and diagnostic methods and treatments for pre-eciampsia may 
also be suitable in the prediction, diagnosis and/or treatment of these foetal 
conditions 



Neurokinin B (NKB) belongs to a family of peptides called tachykinins, the 
30 first and moat well Known of which is substance P which was discovered in 
1931 (von Euler. U.S. and Gaddum. J,H. (1931) J Physiol 72:74-87). It took 
over another five decades before the discovery of a further two members of 
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trie tachykinin family, one designated substance K or neurokinin a (Kimura, 
S M et al (1983) Proc. Japan Acad 59B 1 01-104) and the other designated 
neuromedin K, now Know as neurokinin 8 (Kangawa, er al (1983). 
Biocnem. Biophys. Res.Commun. 114 533-540). The tachykinins nave been 
5 implicated to nave a wide variety of biological actions from smooth muscle 
contraction, vasodilation, pain transmission, neurogenic inflammation, to the 
activation of the immune system (Longmore, J., et ai (1997) Canadian J. 
Physio & Pharmacol. 75 612-621). Neurokinin B has been found to be the 
most potent neurokinin to cause vasoconstriction of Doth the mesenteric 

10 vascular bed (D'Orteans-Juste, P. et al (1991). Eur. J- Pharmacol. 204 329- 
334) and contraction oftne hepatic portal v«in (Mastrangelo, D., et a/ (1987) 
Eur J Pharmacol. 134, 321-6). Neurokinin B is also the most potent member 
of the family to act at the NKs receptor and, whilst substance P ana K slow 
down me heart rate, NK 3 receptor agonists nave the opposite effect m that 

15 tney increase heart rate when perfused in the canine coronary arterial blood 
supply {Thompson, GW. et al (1998) American Journal of Physiology- 
Regulatory Integrative and Comparative physiology 275 (5), 1683-1 689). in 
an animal model, intravenous injections of neurokinin B in guinea pigs have 
been shown to produce a dose related hypertension, and very nigh levels of 

20 neurokinin B agonist led to animal discomfort (Roccan, A. r er al (1996) Brit J 
Pharmacol. 118 1095-1102). Simitar experiments have shown an increase in 
blood pressure upon intravenous infusion of neurokinin B jn rats (Page &t a/.. 
(2000) Nature 405 797-800). Neurokinin B has not been reliably found m any 
peripheral tissues taken from experimental animals; for example, Moussaoui 

25 ef at (Neuroseience (1992) 48, 967-978) tested a wide range of peripheral 
tissues using a very sensitive ana specific assay system and found no trace 
of neurokinin B at aii. 



A human neurokinin B precursor has been identified which, on processing. 
30 gives rise to a peptide identical to neurokinin B of other mammalian species 
(bovine, porcine, rat ana mouse) (incyte Pharmaceuticals Inc., international 
patent application no W098/579S6). We have discovered, most surprisingly, 
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that this human neurokinin B precursor is produced by placental tissue dunng 
pregnancy and mat neurokinin B and fragments of the precursor are passed 
into the maternal bloodstream. 

5 we have found tnat in normal pregnancy, suDstantial levels (eg iGO 
picomoiar range) of neurokinin B {and other breakdown products of me 
numan neurokinin B precursor) are found in me maternal Diood stream near 
to tern, but mat zero or very Jow levels are found before this. However, in 
some cases near term levels are identified at an early stage of pregnancy (eg 

10 after only 9 weeks), and in cases of pregnancy induced hypertension or pre- 
eclampsia very htQh (nanomolar) concentrations of neurokinin B are found m 
the maternal plasma near to term. Tnus, detection of raised plasma levels of 
neurokinin B. neurokinin B precursor, its breakdown products, or variants 
thereof at an early stage wilt provide an indication of the likely development 

15 of pregnancy induced hypertension or pre-eciampsia and may even provide 
an indication of me likely future seventy of these conditions. Furthermore, 
reduction in the levels of circulating neurokinin B (or reduction of its effects) 
will ameliorate the adverse effects upon the mother seen in these conditions. 
As a result of the relationship between pre-eclampsia and foetal 

20 complications including foetal growth retardation and/or foetal hypoxia, 
neurokinin B agonists or antagonists- may be useful in ameliorating these 
conditions. Overproduction of the human neurokinin B precursor may also 
be a causative factor in certain hypertensive conditions in non-pregnant 
individuals (either through the effect of neurokinin B or one or more of the 

25 other breakdown products of the precursor). 

In a first aspect of me invention there is provided a method of predicting 
pregnancy induced hypertension in a human subject by assessing me 
concentration in a biological sample, e.g. blood, of a human neurokinin B 
30 precursor gene product or a variant or a fragment thereof. 
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in a second aspect of the invention there js provided a method of predicting 
pre-eciampsia or relaxed foetal complications in a human subject by 
assessing the concentration in a biological sample, e g. blood, of a human 
neuroKinin B precursor gene product or a variant or a fragment thereof. 

5 

in a third aspect of the invention there is provided a method of diagnosing 
pregnancy induced Hypertension in a human subject by assessing tne 
concentration In a biological sample, e.g. blood, of a human neurokinin B 
precursor gene product or a variant or a fragment thereof. 

10 

In a fOunn aspect of the invention there is provided a method of diagnosing 

pre-eciampsia or related foetal complications in a human subject by 
assessing the concentration in a biological sample, e.g. blood, of a human 
neurokinin B precursor gene product or a variant or a fragment thereof. 

15 

Preferably, the metnods of the first, second, third or fourth aspects compnse 
assessing the concentration in a biological sample, e.g. blood, of neurokinin 
B. 

20 In a fifth aspect of the invention there is provided a method of estimating the 
likely future degree of pregnancy induced hypertension m a human suDject 
assessing the concentration in a biological sample, e.g, blood, of human 
neuroKinin B precursor gene product or a variant or a fragment thereof, and 
correlating the result witn the predicted future severity of pregnancy induced 

25 hypertension, 

in a si?oh aspect of the invention there is provided a method of estimating the 
likely future degree of pre-eclampsia or related foetal complications in a 
human subject by assessing tne concentration in a biological sample, e g. 
30 blood, of human neurokinin B precursor or a variant or a fragment thereof, 
and correlating the result with tne predicted future severity of pre-eclampsia 
or related foetal complications 
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Preferably, the methods of the fifth and sixth aspects comprise assessing the 
concentration in a bjoiogjcal sample, e.g. blood, of neurokinin B. and 
correlating the result with the predicted future severity of pregnancy induced 
5 hypertension or pre-ectampsia or related foetal complications, respectively. 

in a seventh aspect of the invention there is provided a method of preventing 
or treating pregnancy induced hypertension m a human subject by the 
administration of an agent which inhibits the biological effect of neurokinin B 

10 

m an eighth aspect of the invention there is provided a method of preventing 
or ire sting pre-eclampsia or related foetal complications in a human Subject 
by the administration of an agent which inhibits the biological effect of 
neurokinin B 

15 

In a ninth aspect of the invention there is provided the use of a human 
neurokinin B precursor gene product or a variant or a fragment thereof in the 
manufacture of a diagnostic for use in the prediction or diagnosis of 
pregnancy-induced hypertension 

20 

In a tenth aspect of the invention there is provided the use of a Human 
neurokinin B precursor gene product or a vanant or a fragment thereof m the 
manufacture of a diagnostic for use in the prediction or diagnosis of pre- 
eclampsia or related foetai complications. 

25 

Preferably, the ninth and tenth aspects compnse the use of an epitopic 
variant or epitopic fragment of human neurokinin 9 precursor. More 
preferably, the methods compnse the use of neurokinin 8 in the manufacture 
of a diagnostic for use in tne prediction or diagnosis of pregnancy induced 
30 hypertension, pre-eclampsia or related foetal complications. 
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In an eleventh aspect of the invention there is provided the use of an agent 
which inhibits ine biological effect of neurokinin B in the manufacture of a 
medicament for the prevention or treatment of pregnancy induced 
hypertension. 

5 

in a twelfth aspect of the invention there is provided tne use of an agent 
which inhibits me biological effect of neurokinin B in the manufacture of a 
medicament for the prevention or treatment of pre-eciampsia or related foetal 
complications- 

10 

in a preferred embodiment of the eleventh and twelfth aspects, there is 
provided a pharmaceutical composition comprising an agent which inhibits 
the biological effect of neurokinin B. for use in the prevention or treatment of 
pregnancy induced hypertension, pre-eciampsia or related foetal 
15 complications. 

in a thirteenth aspect of the invention there is provided a kit for the prediction 
or diagnosis of pregnancy induced hypertension comprising a binding 
partner, eg an antibody, to a neurokinin B precursor gene product or variant 
20 or fragment thereof. 

In a fourteenth aspect of the invention there is provided a Kit for the prediction 
or diagnosis of pre-eclampsia or related foetal complications comprising a 
binding partner, eg an antibody, to a neurokinin B precursor gene product or 
25 variant or fragment thereof. 

In a fifteenth aspect of the invention there is provided a kit for the prediction 
or ciagnosis of pregnancy induced hypertension, compnsmg a binding 
partner, eg an antibody, to a neurokinin B precursor gene product or variant 
30 or fragment thereof, together with instructions for the performance of an 
assay for predicting tne levels of neurokinin B in a biological sample and 
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correlating tne assay results with the [fkety future development of pregnancy 
induced Hypertension. 

In a sixteenth aspect of tne invention there is provided a Kit for the prediction 
5 or diagnosis of pre-eeiampsia or related foetal complications, comprising a 
binding partner, eg an antibody, so neuroKinin B precursor gene product or 
vanant or fragment mereof, together with instructions for the performance of 
an assay for predicting the ievefs of neurokinin B in a biological sample and 
correlating the assay results with the liKely future development of pre- 
1 0 eclampsia or related foetal complications. 

in a seventeenth aspect of the invention tnere is provided a Kit for use in 
estimating the likely future degree of pregnancy induced hypertension, 
comprising a Dinding partner, eg an antibody, to a neurokinin B precursor 
1 5 gene product or vanant or fragment thereof, together with instructions for the 
performance of an assay for predicting the levels of neuroKinin B in a 
biological sample and correlating the assay results with the predicted future 
seventy of pregnancy induced hypertension. 



20 in an eighteenth aspect of the invention there is provided a Kit for use in 
estimating tne likely future degree of pre-eciampsia or related foetal 
complications, comprising a Dinding partner, eg an antibody, to a neuroKinin 
B precursor gene product or variant or fragment thereof, together with 
instructions for the performance of an assay for predicting the levels of 

25 neuroKinin B in a bioiogicai sample and correlating the assay results with the 
predicted future seventy of preeclampsia or relaxed foetal complications. 

Preferably, the Kits of the thirteenth to eignteenm aspects of the invention 
comprise a binding partner, e.g. an antibody, to a neuroKinin B precursor. 
30 neuroKinin B or epitopic variants or epitopic fragments thereof. More 
preferably the Kits comprise a binding partner to tne polypeptide sequences 
of Figures T or 2. or epitopic vanants or epitopic fragments thereof. 
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in a nineteenth aspect of the invention there is provided the use of an agonist 
of neurokinin B or neurokinin B in the preparation of a medicament for the 
reduction of bjood volume in cases of hypotension. 

5 

in a twentieth aspeci of the invention there is provided the use of an agonist 
of neurokinin B or neurokinin B in the reduction of blood volume in cases of 
hypotension. 

10 in a twenty-first aspect of the invention there Is provided a method of 
alleviating pre-eclampsia jn a human subject by modifying the diet of the 
human subject to reduce the content of toxin generating substances theran. 

In a twenty-second aspect of the invention there is provided a method of 
15 alleviating pre-eclampsia in a human subject including modifying the dietary 
pattern of tne subject to reduce concentrations of potential toxins in the portal 

vein. 

In a twenty-third aspect of the invention thefe is provided a dietary 
20 methodology for the alleviation of preeclampsia in a human subject in which 
tne amount of toxin generating substances is reduced. 

Figure 1 shows the polypeptide sequence of cloned human neurokinin B 
precursor, available under Accession No. aaf76980 

25 

Figure 2 shows the polypeptide sequence of the active neurokinin B peptide. 

Figure 3 shows the polynucleotide sequence of placental cDNA of the human 
neurokinin B precursor, where A"|~G is the initiation codon; TAG is the stop 
30 codon, AATAAA is a polyadenylation signal; AAAAA is the polyA tail; and 
GGCacagAGCTGCTCCaCagGCacc is the PCR pnmer based on Homo 
sapiens cDNA clone T 38761 (Accession No. R63635) similar to the bovine 
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cione. of Accession No. PQ8858 neurokinin B precursor used to amplify 
complete gene. 

Figure 4 shows the genomic sequence of neurokinin B. including the 27928 
5 base pair promoter region, the introns, and seven exons (underlined)- 

Figure 5 shows the results of semi-quantitative PCR for the complete human 
neurokinin B precursor using mRNA collected at weeks 9. 13 and term 
Reverse transcription PCR was performed using mRNA collected at weeks 9, 
10 13 and term 0") to amplify a 733 dp full lengtn neurokinin B precursor cDna 

Primers for {lectin were u5&d as the controls (257 tip). Ml denotes a 1kb 
DNA ladder, and M2 denotes a 100 bp DNA ladder 

Figure 6 shows HPt-C results for oxidised and reduced neurokinin B in 
15 human pregnancy plasma and human term placenta. Placental extracts 
revealed the peptide to be present in significant amounts (21 pg g" 1 in eany 
and 25 pg g' 1 in term placenta) and its chromatographic behaviour was 
identical to synthetic NKB. Partial oxidation of placental NKB during 
extraction resulted in the production of three oxidised forms in which one or 
20 Doth of the two-methiomne residues were oxidised (a in plasma and b in 
placenta). The resulting methionine sulphoxides conferred reduced 
hydrophobic^, so that they eluted before the reduced form. This eiution 
pattern matched that produced by the partial oxidation of synthetic NKB by 
hydrogen peroxide. Complete oxidation by hydrogen peroxjde resulted in all 
25 the NKB eluting in the position of the first peak. A similar eiution pattern was 
also observed after extraction of NKB from term placenta samples (b). 

Figure 7 shows the cardiovascular effect of neurokinin B in conscious rats 
Changes in Dlood pressure and heart rate during infusion of saline or 
30 incremental doses of NKB in conscious unrestrained female rats. NKB was 
infused at doses of 1.8 nmol rf 1 (per Kg) from time = 0, 18 nmoi rf 1 (per kg) 
from time = 16 h and 180 nmol h"\per kg) from time = 20 h. Values are mean 
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± s,e mean. * denotes a significant difference from the original baseline and 
from tne values an = 20 h (Friedman's test). 

Figure 8 shows an in sftu hybndisation of for neurokinin B mRNA in the 
5 placenta of nurnans and rats, a, human at Term (39 weeks) with human 
antisense probe b. human at term (39 weeks) with human sense probe c, rat 
18 day placenta with rat antisense probe and d, high magnification showing 
giant cells of the rat placenta expressing neuroRinin B. Magnification: a, 10x 
ongmai size, b 1GX c I6x, d 40x. 

TO 

The present invention is partly tsgsad upon the d^covery that early andJor 

excessive release of neurokinin B into the maternal biood siream Dy the 
developing placenta can be a cause of pregnancy induced hypertension and 
pre-edampsia. m particular, it has been postulated that those likely to suffer 

15 from pregnancy induced hypertension or pre-eclampsia have slightly 
elevated levels of neurokinin B in the maternal blood stream at approximately 
10 to 12 weeks into pregnancy. Monitoring of neurokinin B early in 
pregnancy, for example at ID to 12 weeks or before, is useful in predicting 
whether the individual is likely to suffer from pregnancy induced hypertension 

20 or pre-eciampsia later in pregnancy, and whether they are likely to suffer 
from pre-edampsia related foetal complications such a foetal growth 
retardation, foetal hypoxia or miscarriage Measurement of neurokinin B 
levels after iQ to 12 weeks into pregnancy, for example at 18 weeks may 
enable the prediction to be confirmed and a diagnosis of pregnancy induced 

25 hypertension or preeclampsia or related foetal complications to be made. 
Further, it has been observed tnanne level of increase in neurokinin B levels 
after any initial prediction of hypertension or pre-eclampsia correlates with 
the future seventy of the condition. In particular, [t has been shown that a 
relationship exists between the degree of increase in neurokinin B and the 

30 future severity of the condition These observations can pe used in the 
prediction of the future seventy of the condition. Also, other post-processing 
fragments of the human neurokinin B precursor may be involved in the 
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development of those conditions. In addition, the production of neurokinin B 
and/or other fragments of human neurokinin B precursor may De associated 
with the development of hypertension in non-pregnant individuals. 

5 in the present invention, foetal complications include any foetal condition 
which is related to pre-eciampsia. Specifically, foetal complications include 
foetal growth retardation, foetal hypoxia, pre-term labour, and jn severe 
cases, miscarriage. 

10 For the purpose of tne present invention, neurokintn B precursor gene 
products include polynucleotide sequences encoding neurokinin & precursor 
or neurokinin B. and neurokinin B precursor polypeptides. Polynucleotide 
sequences include genomic or cDNA sequences, for example those of 
Figures 3 or 4, and RNA T preferably mRNA. Preferably, the neurokinin S 

1 5 precursor polypeptides have the sequences shown in Figure 1 . Fragments of 
neurokinin B precursor gene products are fragments which are derived from 
the precursor gene products and include the polynucleotide or polypeptide 
sequences encoding neurokinin B. fragments thereof, and other post- 
processing fragments of the precursor- Preferably the neurokinin B peptide 

20 derived from the precursor has the sequence of Figure 2. Epitopic fragments 
or vananxs are those which comprise an amino acid sequence, typically of at 
least 4 residues, which constitutes a site to which the antibody can bind. A 
preferred epitopic fragment is the amino acid sequence DMHD of Figure 1 . 

25 Ajso included are vanants of neurokinin B precursor gene products. 
Preferably, vanants share at least 80%, at least 90%, at least 95%, at least 
98% and most preferably at least 99 % sequence identity with the neurokinin 
B precursor gene products or fragments thereof, and preferably retain the 
same biological activity as the gene product or fragment, 

30 

*% identity", as known in the art, is a measure of the relationship between 
two polypeptide sequences between two polypeptide sequences or two 
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polynucleotide sequences, as determined by comparing their sequences. In 
general, the two sequences to be compared are aligned to give a maximum 
correlation between the sequences. The alignment of the two sequences is 
examined and the number of positions giving an exact amino acid or 
5 nucleotide correspondence Detween the two sequences determined, divided 
by the total length of the alignment ana multiplied Dy 1Q0 to give a % identity 
figure. This % identity figure may be determined over The whole length of the 
sequences to be compared, which is particularly suitable for sequences of 
the same or very similar length and which are highly homologous, or over 
10 shorter defined lengths, which is more suitable far sequences of unequal 
length or which have a lower level or nomoiogy. 

Methods for comparing the identity of two or more sequences are well Known 
in the art. Thus for instance, programs available in the Wisconsin Sequence 

15 Analysis PacKage, version 9.1 (Devereux J et a/ . Nucleic Aads Res. 
12.387-395, 1984, available from Genetics Computer Group, Maioson, 
Wisconsin, USA), for example tne programs BESTFIT and GAP, may be 
used to determine the % identity Detween two polynucleotides and the % 
identity between two polypeptide sequences. BESTFlT uses the local 

20 homology* algorithm of Smith and Waterman (Advances in Applied 
Mathematics, 2:432-489, 1 981 ) and finds the best single region of similarity 
between two sequences. BESTFIT is more suited to companng two 
polynucleotide or two polypeptide sequences which are dissimilar in length, 
tne program assuming tftat the shorter sequence represents a portion of the 

25 longer. In companion, GAP aligns two sequences finding a "maximum 
stmilanty" according to the algorithm of Neddleman and Wunsch (J. Mo|. Biol 
48:443-354, 1970). GAP is more suited to companng sequences which are 
approximately the same length and an alignment is expected over the entire 
length. Preferably, the parameters "Gap Weight" and "Length Weight" used 

30 in each program are 50 and 3 for poiy nucleotide sequences and 12 and 4 for 
polypeptide sequences, respectively Preferably, % identities and similarities 
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are determined when the two sequences being compared are optimally 
aligned. 

Other programs for determining identity and/or similarity between sequences 
5 are also Known »n the art, for instance the BLAST family of programs 
(Altschul S.F. er a' . J- Mou Biol., 215.4QM1Q, 1990, Altschul S.F, ex el , 
Nucleic Acids Res., 25;289-3402. 1997, available from the National Center 
for Biotechnology Information (NCB), Bethesda, Maryland, USA and 
accessible through the home page of the NCBl at www ncfai .nlm.nin.gov) and 

10 FASTA (Pearson W.R. and Upman DJ , Proc Nat. Acac. So., USA, 
85:2444-2443. 19SS, avaiiapje as part of the Wisconsin Sequence Analysis 
Package) Preferably, the BLOSUM62 amino acid substitution matrix 
(Hemkoff S and HeniKoff j.G„ Proc. Nat Acad. Sq. t USA, 89:10915-10919, 
1992} is used in polypeptide sequence comparisons including where 

15 nucleotide sequences are first translated into amino acid sequences before 
comparison. 

Preferably, the program BESTFIT is used to determine the % identity of a 
query polynucleotide or a polypeptide sequence with respect to a 
20 polynucleotide or a polypeptide sequence of the present invention, the query 
and the reference sequence being optimally aligned and the parameters of 
the program set at the default value. 

The first, second, third and fourth aspects of the invention relate to methods 
25 of predicting or diagnosing pregnancy induced hypertension or pre-edampsia 
or related foetal complications in a human subjBct. These methods include, 
for example, assessing the concentration in a biological sample of neurokinin 
B precursor gene products, or variants or fragments thereof. These methods 
preferably compnse comparing the results of an assessment of the 
30 concentration of human neurokinin B gene product (e.g. neuroKinin B or its 
precursor) in a sample with expected values or with the values found m the 
subject at an earlier date 
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Preferably these methods are carried out at an early stage of pregnancy, for 
example at 10-12 weeKs for prediction, or 18 weeKs for diagnosis. 

5 These methods may. include any means of measuring neurokinin B gene 
products available to those skjiied in the art. Preferably, the methods use the 
Kits of the invention. The methods of the invention comprise at least tne step 
of determining the presence of neurokinin B mRNA, neurokinin B or its 
precursor, or variants or fragments thereof, in a biological sqmple; nowever, 

10 additional steps may also oe included. Such additional steps may include 
one or more of The following: coHcctjng tne Biological sample; preparing tfte 
biological sample; measuring the concentration of target neurokinin B gene 
products such as polypeptide or polypeptides in the sample; preparing 
standard curves to predict expected concentrations of tne target neurokinin B 

15 gene products in non-pregnant individuals or in pregnant individuals at the 
same or different stages of pregnancy; comparing the results obtained from a 
particular biological sample with the appropriate expected values or the 
appropriate standard curve to determine the severity of the condition; or 
repeating some or all Df the previous steps at a later date to determine if tne 

20 severity of the condition has Changed, 

Suitable methods of detection based on Kits wifl be clear to one skilled in the 
art and include radioimmunoassay (RlA), en2yme linked immunosorbant 
assay (EUSA), immunoradiornetnc assay (IRMA), antisense technology, or 
25 radioreceptor assay (RRA). In the latter, for example the NK 3 receptor or 
other neurokinin B binding partner may be used in a detection System or 
biosensor system, further detection metnods may also include as well as 
radiometric methods, non-radioactive methods such as fluorescence and 
luminescence. 

30 

A preferred method is radioimmunoassay, which reiies on the interaction of a 
small amount of radiolabeled peptide, eg neurokinin B, wrth a limiting amount 



Oct-07-04 10:04am From-HGS INTELLECTUAL PROPERTY OEPT 301309843S T-Q28 P. 18/91 F-307 

WO 01/36979 FCTiGBOOrtMlS 

of binding partner such as antibody (e.g. specific for NKB). The displacement 
of radiolabeled peptide by increasing doses of standard peptide *s compared 
to that displaced by unknowns. This is normally monitored by separating 
binding partner bound label from free label usually by using a precipitation 
5 step which bnngs down the binding partner followed by centriTugation, 
although there are adsorbents (e.g. charcoal) wnjcn can bind the free labeled 
fraction and can then be removed Dy centrifugation. iRMA can oe one site or 
two Site and uses an excess of specific binding partner such as antibody 
which in this case is radiolabeled, in the one site assay, separation is 

TO effected by an excess of peptide linked to a solid phase which removes 
unreacieq binding partner. In the two site metnoa a second specific binding 
partner (usually linked to a solid phase) >s used wh<ch is specific to a 
separate epitope on the peptide. Separation is easily effected by removal of 
the complex on the solid pnase- RRA is similar to RlA in that a limiting 

15 amount of rsceptor is substituted for the antibody. Often the receptor 
preparation will be in the form of a membrane preparation so that washing 
ana separation of the bound label csn be performed by e.g. centrifugation. 
The use of enzymes as the signalling moiety in immunometric assays is 
commonly achieved by cross linKing an enzyme to the specific antibody or 

20 tne use of e.g, a pig anti mouse antibody cross-hnked to an enzyme when a 
mouse monoclonal antibody is used in the initial reaction. 

The above methods may also be used in estimating the liKely future degree 
of pregnancy induced hypertension or pre-edarnpsia or related foetal 

25 complications. These methods preferably comprise comparing the results of 
an assessment of tne concentration of human neurokinin B gene product 
(e.g. neurokinin B or its precursor) in a sample with expected values. It is 
believed that the tenth week of pregnancy, or later, for example after 18 
weeks, may be particularly valuable times at which to assess the presence 

30 (and concentration) of the human neurokinin B gene products. 
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The methods of the invention are preferably carried out in vitro, on a sample 
removed from Hie body. Any biological sample may be used in the methods 
of the invention. Preferred biological samples "include Dlood, saliva or unne 



5 The invention also provides a method of preventing or treating pregnancy 
induced hypertension or pre-eciampsia or related foetal complications m a 
human subject by the administration of an agent which inhibits me biological 
effect of neurokinin B. Preferably, such methods are earned out using the 
Kits of the invention. Agents which inhibit the biological effects of neurokinin 

10 B include any agents mat act, for example, by removing the neurokinin B 
from the plasma; Dy altenng its structure to prevent it ending to receptors; by 
binding to the receptors directly to block the binding of neurokinin 0 thereto 
(but without themselves causing the effects at those receptors normally 
caused by neurokinin B), by exerting a counter effect to the neurokinin B at 

1 5 the same or different receptors or by reducing or preventing gene expression 
or translation, for example by modulating activity of tne neurokinin B gene 
promoter and>or by using antisense technology. AJso included are agents 
which inhibit the production or processing of the precursor to prevent 
production of neurokinin B. Within this context, agents inhibiting the 

20 biological effect of neurokinin B include agents inhibiting the biological effect 
of any variants or fragments of human neurokinin B or its precursor which are 
involved in the development of pregnancy induced hypertension or pre- 
eclampsia or related foetal complications. The pnncipal site of action of 
human neurokinin B is the NK 3 receptor and therefore preferred agents 

25 wnich inhibit the biological effects of neurokinin B for use in the invention 
include NK: receptor antagonists. However, at the nigh circulatory 
concentrations found in near term pregnancy, particularly m pregnancy 
induced hypertensive or pre-eclamptic subjects, neurokinin B may also have 
significant effects at other recepiors (eg the NK T or NK 2 receptors) and 

30 Therefore the agents which inhibit the biological effects of neurokinin B for 
use in the present invention also include agents which prevent neurokinin B's 
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effects at such other specific receptors, as well as Draad spectrum neuroKinin 
antagonists and combinations thereof. 

Since 1991. a number of high-affinity nonpeptide antagonists have been 
5 reported. Snider R M-. ei al., (Soence. 251:435 (1991)), and Garret C. et 
al_, (Proc, Natl, Acad. Sci., 38-10208 (1991)), described CP-96,345 and RP 
67530, respectively, as antagonists at the NK, receptor, while Advemer C, et 
aL T (Brit J. Pharmacol., 105.78 (1992)). presented data on SR 48968 
showing its high affinity ana selectivity for NK 2 receptors. More recently 
10 .Macieod T et al , {J. Med. Chern., 36:2044 (1993)) nave published on a novel 
senes of tryptophan derivatives as NK^ receptor antagonists. Recently, FK 
888, a "dipeptide" witn nigh affinity for the Nrv, receptor was described (Fujii 
j. T et ai . Neuropeptide, 22*24 (1992)), 

15 Suitable INK3 receptor antagonists for use in the present invention include all 
materials blocking or reducing the effect of neurokinin B at the NK3 receptor, 
for example, those materials described in Gao and Peet (Current Medicinal 
Chemistry. 1999, 6, 375-388), Khavaga and Rogers (intJ.Biochem Cell Biol 
1996, 28, 7. 721-738), US 5,942.523, US 5.846,973, US 5.491,140, US 

20 5,328.927, US 5.360,820 t US 5,344.830, US 5,331,089, US 4,742.156, US 
4,665,157, EP 591.040A, WO 94/01402, WO 94/04494, WO 93/011609. 
Canadian Patent Application 2,154,116, EP 693,489 and Canadian Patent 
Application 2,1 51 .11 6, Specific examples of suitable antagonists include the 
receptor selective iigand, SR 142801 (Edmonds-Alt, et ai. T Life Sciences, 

25 56:27 (1995)). and the decapeptides of formula* A 1 -D-Pro 2 -His 3 -D* -Phe 3 - 
D~Trp e -Vai 7 -D-Trp 8 -Leu a -Nie lD -NH2 wherein A 1 and D 4 are Asp or D-Asp 
ammo acids 

p re f errec j agents for inhibiting the biological effects of neuroKinin B include 
30 those which modulate activity of the neurokinin B precursor gene promoter, 
thus altering the level of transcription of the neuroKinin B precursor gene, 
Examples of such agents include competitive or non-competitive antagonists 
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of neurokinin precursor B gene promoter transcription factors, agents which 
inhtDit trie Diological effect of neurokinin B precursor gens promoter 
transcription factors, agonists of neuroKinin B precursor gene promoter 
inhibitors, and polynucleotide sequences which bind to, and innibit. 
5 neurokinin B precursor gene promoter activity- Preferably, such 
polynucleotide will be sufficiently complimentary to whole or pan of the 
promoter sequence such tnat they hybridise thereto and inhibit promoter 
activity, preferably in vivo. Examples of suitable polynucleotide sequences 
are those which nave at least 30%. 85%, 90%, 95%, 97%, 98% and 
10 preferably 99% sequence identity with the compliment of whole or part of the 
promoter Preferably the polynucleotide sequence will be complimentary to a 
regulatory region of the promoter, for example a transcnption factor binding 
site. 

15 Where the agent is a polynucleotide sequence, it is preferably administered 
m the form of a vector. The vector may additionally comprise one or more 
regulatory sequences for activation of expression of the polynucleotide 
sequence, for example promoters including response elements, consensus 
sites, methyiation sites, locus control regions, post-transcriptjanal 

20 modifications, splice vanants, nomeohoxes, inducible factors, DNA binding 
domains, enhancer sequences, initiation codons, and polyA sequences. 
Such agents may be administered by any suitable gene therapy technique, 
which will oe Known to persons skilled in the art. 

25 Administration of pharmaceutical compositions is accomplished by any 
effective route, e.g. orally or parenteraily. Metnods of parenteral delivery 
include topical, mtra-artenai, subcutaneous, intramedullary, intravenous, or 
intranasal administration. Administration can also be effected by 
amniocentesis related techniques Oral administration followed by 

30 subcutaneous injection wou(d be the preferred routes of uptake; also long 
acting immobilisations would be used. Also, as the effects of placental NKB 
will be on peripheral receptors, effectively drugs devoid of side effects to the 
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central nervous system should be preferably peptide-like in their distribution 
properties, in addition to the active ingredients, these pharmaceutical 
compositions may contain suitable pharmaceutical^ acceptable earners 
comprising excipients and other compounds that facilitate processing of the 
5 active compounds into preparations which can be used pharmaceutical. 
Further details on techniques for formulation and administration may be 
found in the latest edition of "REMINGTON'S PHARMACEUTICAL 
SCIENCES" [Maack PuDlishing Co, Easton PA). 

10 Pharmaceutical compositions for oral administration can be formulated using 
pharmaceutical^ acceptaoie earners well Known in the art r m dosages 
suitable for oral administration. Such carriers enable the pharmaceutical 
compositions to be formulated as tablets, pills, aragees, capsules, liqutds, 
gels, syrups, slurries, suspensions, etc., suitable for ingestion by the patient. 

15 

Pharmaceutical preparations for oral use can be obtained through 
combination of active compounds with solid excipient, optionally grinding a 
resulting mixture, and processing the mixture of granules, after adding 
suitable additional compounds, if desired, to obtain tablets or dragee cores. 

20 Suitable excipients are carbohydrate or protein fillers These include, but are 
not limited to sugars, including lactose, sucrose, mannitol, or sorbitol, starch 
from corn, wheat, rice, potato, or other plants; cellulose such as methyl 
cellulose, hydroxypropylmetnyl-celtutose. or sodium carboxymethyicellulose; 
and gums including arable ana tragacanth; as well as proteins, such as 

25 gelatin and collagen. If desired, disintegrating or soiuDilising agents may pe 
added, such as the cross-linked polyvinyl pyrraiidone, agar, alginic acid, or a 
salt thereof, such as sodium alginate. 

Dragee cores are provided with suitable coatings such as concentrated sugar 
30 solutions, which may also contain gum arabic, talc, polyvinylpyrrolidone, 
carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, 
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may 
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De added to the tablets or dragee coaxings for product identification or to 
characterise the quanxixy of active compound (i.e. dosagej. 

Pharmaceutical preparations, which can be used orally, include push-fit 
5 capsules made of gelatin, as wen as soft, sealed capsules made of gelatin 
and a coaxing such as glycerol or sorbitol. Push-fit capsules can contain 
active ingredients mixed with finer or binders such as lactose or starches, 
lubricants such as talc or magnesium stearate, and, optionally, stabilisers, in 
soft capsules, the active compounds may be dissolved or suspended in 
10 suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycol 
wttn or without stapiiisers. 

Pharmaceutical formulations for parenteral administration include aqueous 
solutions of active compounds. For injection, the pharmaceutical 

15 compositions of the invention may be formulated in aqueous solutions, 
preferably i n physiologically compatible buffers such as Hank's solution, 
Ringer's solution, or physiologically buffered saline. Aqueous injection 
suspensions may contain substances, which increase the viscosity of tne 
suspension, such as sodium carboxy methyl cellulose, sorbitol, or dextran. 

20 Additionally, suspensions of the active compounds may oe prepared as 
appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles 
include fatty oils such as sesame oil, or synthetic fatty acid esters, such as 
ethyl oleate or triglycerides, or liposomes. Optionally, the suspension may 
also contain suitable staDilisers or agents, which increase the solubility of the 

25 compounds to allow for the preparation of highly concentrated solutions. 

For topical or nasal administration, penetrants appropriate to the particular 
barrier to be permeated are used in the formulation. Such penetrants are 
generally Known in the art. 

30 

The pharmaceutical compositions of the present invention may be 
manufactured in a manner similar to that knov\m in the art (e g. by means of 
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conventional mixing, dissolving, granulating, dragee-maKmg. levigating, 
emulsifying, encapsulating, entrapping or lyophilising processes). The 
pharmaceutical compositions may also be modified to provide appropriate 
release charactenstics, e.g. sustained release or targeted release, by 
5 convention means, e.g, coating. 

The pharmaceutical composition may De provided as a salt and can be 
formed with many acids, including but not limited to hydrochloric, sulfunc. 
acetic T lactic, tartaric, malic, succinic, etc. Salts tend to be more soluble m 
10 aqueous or other protomc solvents that are the corresponding free base 
forms, in other cases, the preferred preparation may bs a lyophilised powder 
in 1 mM-50 mM histidine, 0.i%-2% sucrose, 2%-7% mannitoi at a pH range 
of 4.5 to 5.5, that <s combined with Duffer pncr to use. 

1 5 The agents for use in tne invention (eg NK 3 receptor antagonists) can also be 
modified so that they are only delivered to selected target sites. For 
example, by adjusting their stability towards proteolytic digestion in the gut or 
ability not to pass the DIood/brain Darner, or by producing composite 
molecules including a targeting component, e.g. an antibody selective for the 

20 target site. 

After pharmaceutical compositions comprising a compound of the invention 
formulated in an acceptable carrier have been prepared, they can be placed 
in an appropriate container and labelled for treatment of an indicated 
25 condition For administration of NK 3 receptor antagonists, such labelling 
would include amount, frequency and method of administration. 

Pharmaceutical compositions suitable for use in the present invention include 
compositions wherein the active ingredients are contained m an effective 
30 amount to achieve "the intended purpose. Thus, a therapeutically effective 
amount is an amount sufficient to ameliorate the symptoms of the disease 
being treated. The amount actually administered will be dependent upon the 
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individual to which treatment is to be applied, and will preferably be an 
optimised amount sucn that the desired effect Is achieved without significant 
side-effects. The determination of a therapeutically effective dose is well 
within the capability of those sMied in the art. Of course, the SKifled person 
5 will realise that divided and partial doses are also within the scope of the 
invenuon. 

For any compound, the therapeutically effective dose can ae estimated 
initially either in cell culture assays or in any appropriate animal model (eg 

10 primates for pre-eclampsia, rats and guinea pigs for hypertension and other 
small laboratory animals for use with induced hypertension and induced pre- 
eclampsia)- These assays snoula taKe into account receptor activity as well 
as downstream processing activity. The animal model is also used to achieve 
a desirable concentration range and route of administration. Such 

15 information can then De used to determine useful doses and routes for 
administration in humans 

A therapeutically effective amount refers to that amount of agent, which 
ameliorates the symptoms or condition. Therapeutic efficacy and toxicity of 

20 such compounds can be determined by standard pharmaceutical procedures, 
in cell cultures or experimental animals (e.g. ED 50 , the dose therapeutically 
effective in 50% of the population; and LD50. the dose lethaj to 50% of the 
population). The dose ratio between therapeutic and toxic effects is the 
therapeutic index, and it can be expressed as the ration ED50/LD50. 

25 Pharmaceutical compositions, which exhibit large therapeutic indices, are 
preferred- The data obtained from cell culture assays and animal studies is 
used in formulating a range of dosage for human use. The dosage of such 
compounds lies preferably within a range of circulating concentrations that 
include the ED50 with little or no toxicity. The dosage vanes within this range 

30 depending upon the dosage fonm employed, sensitivity of the patient, and the 
route of administration. 
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The exact dosage Is chosen by the individual physician in view of me paiienx 
to be treated. Dosage and administration are adjusted to provide sufficient 
levels of the active moiety or to maintain the desired effect. Additional 
factors, which may be taken into account, include the seventy of the disease 
5 state. Long acting pharmaceutical compositions rnignt oe aaministered every 
3 to 4 days, every weeK, or once every two weeks depending on half-life and 
clearance rate of the particular formulation. Guidance as to particular 
dosages and methods of delivery is provided in the literature ($ee r US Patent 
No's 4,657,760; 5,206.344 and 5,225,212 herein incorporated by reference). 

10 

The agents wnicn inhibit tne Dioiogical effect of neurokinin B for use in the 
methods of the invention of preventing or treating pre-eciampsia; or of 
preparing medicaments for preventing or treating pre-eciampsia- are 
preferably formulated such that use of the agent is effective in, Put not 

15 restricted to, the past prandial phase. The agents may for example be 
selected to he effective over a 24 hour penod rather than exclusively in the 
post-prandial phase. The post-prandial phase is a particuiany importamtime 
as it is believed that pre-eclarnpsia is associated with the build-up of toxins m 
the maternal blood supply due to the failure of the Dlood to pass through the 

20 liver (wnicn normally removes the toxins) because of high pressure in the 
portal vein. Thus, transient relief of hypertension following meals will allow 
the uiood to pass through the liver at the time when the highest concentration 
of toxins will be present and will therefore provide a large reduction in the risK 
of pre-edampsia whilst producing only a short decrease in the effect caused 

25 by me piacentally produced neuroKinin B. This time limited effect may be 
achieved by selecting agents wrtn snort durations of activity and using 
appropriate formulations and dosage schedules, 

PreferaDly. methods of prevention or treatment of the conditions aaaressed 
30 herein will begin as soon as passible after the initial prediction or diagnosis is 
made, for example after 10 weeks into pregnancy. The decision regarding 
initiation of a course of treatment will of course be the decision of a physician, 



t 
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and may therefore begin earlier or later. Typically, the course will be given 
throughout pregnancy or until symptoms subside This may continue until up 
to eight weeks after Dirth. In individuals who have been determined as being 
at risK of developing foetal conditions such as growth retardation or hypoxia, 
5 or pre-eclampisa, (by consideration of other factors such as previous 
miscarriages or complications in pregnancy) the course may De initiated as 
soon as pregnancy is confirmed, and may continue until term. 

In a further aspect of the invention there is provided the use of a human 
1Q neurokinin B precursor gene product or a variant or fragment thereof m the 
manufacture of a diagnostic for use <n We prediction or diagnosis of 
pregnancy included hypertension or pre-eclampsia or related foetal 
complications. Preferably, the gene product used is neurokinin B. or a 
variant or fragment tnereof, for example in the production of a diagnostic 
15 comprising a binding partner specific for neurokinin B. Preferably, the 
variants or fragments are epitopic. it is envisaged that other gene products 
could also be used, for example regulatory sequences of the neurokinin 8 
precursor genomic sequence, or neurokinin B precursor mRNA in the 
production of antisense sequences 

20 

The polypeptides used include numan neurokinin B or its precursor, or 
variants or fragments thereof. Preferably, the polypeptides comprise tne 
sequence of Figure 1 or Figure 2 respectively. Preferably, the fragments or 
vanants are eprtopic, as defined above. 

25 

These polypeptides may De produced in isolated, substantially pure form or 
as recombinant polypeptides. Method for doing so will be clear to one skilled 
m me art. These win include, for example, recombinant techniques or 
extraction, gel separation or more commonly, for peptides the size of 
30 neurokinin B, chemical synthesis, eg liquid and solid phase peptide, 
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in a further aspect of the invention there is provided the use of an agent 
which inhibits the biological effect of neurokinin B in the manufacture of a 
medicament for the prevention or treatment of pregnancy induced 
hypertension or pre-eclampsia or related foetal complications Preferably, 
5 the agents are those defined above. 

In a further aspect of the present invention there are provided Kits for the 
predicting the onset of, diagnosing, or estimating the future seventy ot 
pregnancy induced hypertension or pre-etfampsia or related foetat 
iQ complications. The Hits of the invention comprise a means for detecting tne 

production of human neurokinin B gene products such as polynucleotides or 
polypeptides encoding neurOKinin B or as precursor, or fragments or variants 
thereof, Dy the subject. Thus the Kits will commonly comprise one or more of: 
a binding partner to neurokinin B or its precursor; neurokinin B polypeptide or 
15 variants or fragments thereof; and/or polynucleotide sequences which 
hybridise to a sequence encoding neurokinin B or a variant or fragment 
thereof. 

By binding partner is meant any substance capable of detecting (and Dinding 
20 to) the target, eg an antibody. Preferred binding partners for use in the fats of 
the invention are antibodies which are specific for neurokinin B precursor, or 
epitope fragments or epitopic variants thereof. Preferred are antibodies to 
neurokinin B and antibodies to the human neurokinin B precursor Most 
preferred are antibodies which are specific for neurokinin B, but antibodies 
25 specific to any other breakdown products of the neurokinin B precursor which 
remain in the body for a measurable time may also be used. These 
antibodies are capable of binding fragments of the human neurokinin B 
precursor to identify the production of the precursor by the human body- The 
antibodies of the invention may be, for example, polyclonal, monoclonal, 
30 chimeric or humanised antibodies or fragments thereof. Binding partners 
which cross react with related peptides such as Substance P or NKA, for 
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example, may be useful as a medicament or in diagnosis, as they share a 
common sequence (FVGLM-NH 2 ) with neurokinin B 

Methods of producing such antibodies will be apparent to one skilled in the 
5 art. For example, in the case of polyclonal antibodies, by standard methods 
of ammai immunisation or, tor monoclonal antibodies, by the well-known 
methods of Kohler and Milstein, or Dy use of tne methods discussed in US 
5.844,080. Chimeric antibodies can be made by genetic engineering 
techniques, and are antibodies m wmcn the constant region is human in 
10 ongm, out tne variable regions are derived trom, for example, a mouse 
antibody. The advantage of cmmenc antinomies is to reduce tmmunogenicity. 
humanised antibodies take this principle even further, in that only the 
complementary determining regions and a minimum number of further 
amino acids in the variable regions are derived from an animal such as a 
15 mouse The rest of tne antibody structure is human in sequence, and is 
recognised Dy tne human immune system as human (see, for example, 
Queen El a!i PNAS. USA S6 (December 1989), 10029-10033). 

Polynucleotides of the Kits of ;ne invention are preferably those which 
20 hybridise to a sequence encoding nuerokinm B or its precursor, or a variant 
or fragrant thereof, or complements thereof, under stnngeni conditions. 
Preferred are polynucleotide sequences which hybridise to the nucleotide 
sequence of Figure 3 or Figure 4, or tneir complements, under stringent 
hybridisation conditions. Stringent conditions are, for example, Gx SSC at 
25 65°C. Preferably, such polynucleotide sequences have at least 85%, and 
least 90%, at least 95%, preferably at least 98% and most preferably at least 
99% sequence identity with the compliment of the reference sequence. Such 
polynucleotide sequences are preferably at least 10 nucleotides in length, 
and will be useful in detecting expression of neurokinin B or its precursor. 
30 Such polynucleotides are useful in antisense technology or diagnostic PCR. 
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Means of producing the polynucleotides of the invention will be clear to those 
SKilled in the art, for example, they may be produced synthetically or Dy 
probing an appropriate cDNA or genomic library {particularly a placental 
cDna library). 

5 

The Kits of the invention may also comprise instructions for the performance 
of an assay for predicting or diagnosing the levels of neurokinin B in a 
biological sample (this may either be by direct measurement of neurokinin B 
or by measuring the concentration of human neurokinin B precursor, or a 

10 fragment thereof, and using this value to predict the amount of neurokinin B 
present). The components of tne commercial neurokinin a 
radioimmunoassay Kir RlK 7357 py Peninsula Laboratories. Belmont, CA, 
USA can be used in the present invention. The kits of the invention 
preferably also compnse a key, showing The correlation between me levels of 

15 neurokinin B gene product in tne biological sample and diagnosis of 
pregnancy induced hypertension or pre-eciampsia or related foetal 
complications, and/or the likely future onset and/or seventy of these 
conditions. 



20 Also provided are Kits for the prevention or treatment of pregnancy induced 
hypertension or pre-eclampsia or related foetal complications, compnsmg 
means for inhibiting the biological effect of neurokinin B or its precursor in a 
subject Preferably, such means include those agents defined above.in 
particular, the antibodies or polynucleotide sequences as described above 

25 may also pe useful m these Kits for inhibiting the biological effect of 
neurokinin B or its precursor. The kits preferably also contain instructions for 
use of the kit to prevent or treat pregnancy induced hypertension or pre- 
eclampsia or related foetal complications and/or a key showing the 
correlation between the amount of agent used and the likely effect on tne 

30 condition. 
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Pre-ectarmpsia may also be alleviated by modifying the diet of a human 
subject to reduce the content of toxins (e.g.alkaloids) and toxin generating 
substances therein. Toxin generating substances include proteins which are 
5 digested in T and absorbed from, the gut as amino acids most of wfiich are 
toxic if they circulate in t^lood in too high concentrations. Normally any amino 
acids in excess of daily requirement are immediately deaminated by the liver 
and metabolised, increasing the proportion of carbohydrates in the diet may 
also be of particular benefit. The dietary pattern of tne subject may also be 
10 modified to prevent peak concentrations of potential toxins appearing in the 
portal vein,. for example Dy substantially reducing the size Qf individual meals 
(and increasing tne frequency of small meais). 

Agonists of neurokinin B may also be used as pharmaceutical agents where 
1 5 an increase in blood pressure or decrease in blood volume is considered to 
be beneficial Suitable agonists include any acting to supplement or mimic 
the effect of neuroKinm B at tbe NK3 receptor (or at any other receptorj, for 
example senktide or [MePhe ] NKB. 

20 The present invention also provides means of screening potential effective 
agents (eg NK3 receptor antagonists and agonists) by testing tneir ability to 
block (or enhance) the hypertensive effect of neurokinin B in an appropriate 
model. Once suitable agents have oeen identified, they may then further be 
tested to determine their potential m preventing or treating hypertension; 

25 pregnancy induced hypertension or preeclampsia , and used accordingly. All 
agents identified by such a process (other than presently known matenais) 
are included in the present invention. Screening methods include large array 
techniques such as the vftsips™ technology of Affyrnetnx inc; see, eg, EPB 
No 0476014. 

30 

Transfected ceils lines containing the cloned NK3 (or NKt or NK^) receptor 
could be used in receptor binding and cell signalling pathway studies in a 
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way clear to one skilled in the art. Essentially, either cells lines expressing 
endogenousiy high levels of neurokinin receptors or ceil lines transfected with 
cloned cDNA constructs of the neurokinin receptor may be used to produce 
membrane preparations. Membrane preparations, of purffied receptors m 

5 solution or after reconstttution into phospholipid membranes, may men De 
used to assess receptor binaing with labelled agonists and^or antagonists of 
neurokinin B, The effects of the action of the agonists and antagonists can 
De assessed using standard cell signalling assays These will be typical of 
those routinely performed when using G-pnotem coupled receptors systems 

10 in a way clear to one skilled in the art (including such assays as receptor 
binding! cyclic AMP determination, protein Kinase C, inositol tnphospnate 
concentrations etc.)* These studies could also be performed in animal 
models including the guinea pig and rat chronically infused with agonist to 
determine the long and short-term effects of neurokinin B, neurokinin B 

15 agonists and neurokinin B antagonists. Effects such as changes in heart 
rate, blood pressure, blood volume and weight of internal organs (e.g. uterus, 
placenta) may De measured. 

EXAMPLES 

20 

Example 1 

productioq of human neurokinin B precursor CDNA 

The cloning of placental cDNA T usjng the following methods, was used to 
identify the hurnan neurokinin B precursor having the polypeptide sequence 

25 shown m Figure 1. The peptide sequence of neurokinin B m the precursor is 
unaertined (the C-terminai G residue ends up as the amide on the C-terminal 
M m the final processed peptide of Figure 2). The cloned placental cDNA of 
the human neurokinin B precursor is shewn in Figure 3 and has (underlined) 
the ATG initiation codon at 26-28. the TAG stop codon at 389-391, the 

30 aaTaaa polyadenyiation signal at 659-663 ana tne poiyA tail starting at 630. 
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Human placental tissue wss obtained from pregnancy terminations at weeks 

« 

9 and 13 of gestation and term. Samples were collected jn compliance with 
and approval from the Locaj Research Ethics Committee RNA was 
extracted essentially as descnbed by Chomczmski, P. and Sacchi, N. (1987) 
5 Analytical Biochemistry. 162. 156-159. 

The full-length preproneurokmm B precursor was amplified using RT-PCR 
from total human term placental RNA. This was done using the SMART 
RACE cDNA amplification method (ChenchiK, A. er av (1998)). In RT-PCR 

10 Methods for Gene Cloning and Analysis, Eds. SieDert, P. and LamcK, J. 
(BioTecnmques Books, Ma), 305-319), Essentially, after total RNA 
extraction, reverse transcription was performed using a cDNA synthesis 
primer (S'AAGCAGTGGTAACAACGCaGAGTACIT^qNiNS') which contained 
a 3' anchor sequence. 3' race was performed using a 5' gene specific pnmer 

15 (5'GGCaCAGAGCTGCTCCACAGGCACCAT 3') derived from the Homo 
sapiens cPNa clone 138761 similar to bovine PGS853 neurokinin B 
precursor. The resulting PCR fragment was gel purified following gel 
electrophoresis and Q]oned into the expression vector pGEM-T Easy. The 
resulting clones were sequenced and compared to suomitted sequences in 

20 the GenBanK database using the BLAST program (Ajtscnul, S-F , er al (1990) 
J.Mol Biol. 215403-4.10J. 

Example 2 

Semj-Quantit^ive PCR to measure NKB in placenta 

25 Semi-quantitative PCR as described below was used to measure the mRNA 
expression of neurokinin B in placenta collected at 9 weeks, 13 weeks and at 
term This showed differences in a degree of expression between the first 
trimester and term placenta. Expression levels were up by five times at term, 
as shown in Figure 5. 

30 

SMART RACE placental cONA was amplified using a 5' gene specific pnmer 
(5'GGCACAGAGCTGCTCCACAGGCACCAT 3') derived from the Homo 
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sapiens cDNA clone l3876t similar to bovine P0B858 neurokinin S precursor 
and a 3* SMART anchor sequence primer, A specified primer pair for p-actjn 
was used for normalisation. PCRs were performed using twenty-one cycles 
of 95 D C for 30 sec and 68 Q C for 2 min. The primers were chosen deliberately 
5 to have high annealing temperatures so that me PGR reactions could tie 
performed two step to reduce the possibility of non-specific products being 
formed The number of cycles required to obtain a reproducible exponential 
amplification of the p-acan RT-PCR product was determined by terminating 
control reactions at 15, 18. 2i, 24 and 30 cyaes respectively. These 
TO experiments were used to check the accuracy, efficiency and amount of total 
RNA needed to obtain a semi-quantitative amplification m order to optimise 
the levels of p-acun PCR product produced The PCR products were 
visualised by uv illumination following electrophoresis (A 1Kb DNA ladder 
(Ml) and iGODp DNA ladder (M2) are shown in Figure 5 also) 

15 

Example 3 

Neurokinin B extraction from Placental Tissue and pjasma 

Testing of placental extracts using the techniques set out below revealed 

neurokinin B to be present in significant amounts and its chromatographic 

20 properties in HPLC were identical to synthetic neurokinin B. It also displayed 
the same degree of loss of hydropnobicity (on HPLC) after oxidising its 
methionine residues. Oxidisation was found to g*ve three peaks of double 
oxidised (1). single oxidised [2) and non-oxidised forms (3), see Figure 6. 
Figure 6(a) shows oxidised and reduced neurokinin B separated by RPHPlC 

25 from human pregnancy plasma and Figure 6(b>) shows separation of 
condensed and reduced neurokinin by RPHPLC extracted from human term 
placenta. 

Extraction of neurokinin B from pjacepta 

30 

Whole placentae were weighed and washed immediately after delivery with 
150 mM sodium chloride solution containing "lO mM EDTA at pH 7.5. A 
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tissue sample not exceeding lOOg was erased and homogenised in 100 mi 
saime/EDTA solution using a blender with a glass vessel. Protease 
inhibitors, phenylmethylsulphonylfluonde, N-ethylmaleiimide, and pepstatm 
were added from a stock solution in methanol. After 20 seconds 800 mi of 
5 methanol were added- and blending was continued for a further minute. The 
mixture was decanted into 200 ml pofypropylene centrifuge tubes and 
subjected to centrifugation at 4*C and 3000 X g for 30 minutes. The 
supernatant was separated and stored overnight at 4°C resulting in further 
precipitation that was removed by centrifugatlon. The volume of each extract 

10 was reduced to [ess than one eighth of the initial volume and then diluted by 
addition of three volumes of water containing 0.1% tnfluoroacettc aria (TFA). 
Any trace of suspended matter was removed by a final centnfugatiQn step. 
The volume of extract was recorded and an amount corresponding to 20g of 
placenta reserved for solid phase extraction using Sep-Pak Ci8 3CC 

15 cartridges (Waters Chromatography Division, Millipore Corporation. Milford, 
MA, U.S.A.), Cartridges were primed pnor to use by perfusion with 2 ml of 
the following solutions; 1) water containing G.1% TFA and 0.1% Poiypep 
gelatine hydralysate (Sigma-Aidrich, Pooie, UK), 2) water containing 0-1% 
TFA, 3) water containing 80% v/v acetonitnle and 4) water containing 0.1% 

20 TFA Each extract was passed through a prepared cartridge, which was then 
washed with 2 ml 0.1% TFA in water, 2 mi 0.1% TFA in water containing 
acetonitrile 10% and 20% TFA The column was eluted with 2 mi of 30%. 
40% and 50% acetonitrile in water containing 0-1 % TFA. Eluted fractions 
were reduced to dryness under vacuum after adding 1 mg of mannitol and 

25 100 Poiypep, Smaller placentae obtained from aoortions were treated as 
above but dissociated in a glass homogeniser retaining the same proportions 
of buffer and methanol to placental weight. 



30 



Exrractiop of neurokinin B from plasma 

Neurofamn B standards were prepared in pooled plasma from the blood of 
five young males taken into EDTA. The standards contained 1280, 640, 320, 
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160 ana 30 pg/mi neurokinin B Each 2ml of sample of plasma standard was 
acidified by addition of 220 uj 1M HC1 containing 0 21 M glycine. They were 
men diluted to 10 ml with 0.9% saline and subjected to centnfugation at 3000 
X g for 20 minutes to ensure complete clarity. Sep-Pak C18 ICC cartndges 

5 were primed as described above for Sep-Pak CIS 3CC cartridges. After 
joading, cartndges were washed with 1 ml 0 1 M hCi containing 0 02M 
glycine followed by 1 ml 0.1% TFA in water. Further washes with 1ml 0 1% 
TFA jn water containing 10 and 20% acetonitrile were followed by elution with 
1 ml 0.1% TFA in a mixture of 50% water and acetonitnle. Eluted fractions 

10 were reduced to dryness under vacuum after adding 1 mg of mannitoi and 
100 j^g Poly pep. The acidification step ensured that we were extracting 
already processed mature peptide as it is possible that inactive circulating 
precursor could De cleaved by endogenous plasma proteases to produce 
immunoreactive peptides unless precautions are taKen. 

15 

Exarnple 4 

jyieasuremepj of NKB in placental tissues and pjasma 

Placental and plasma extracts were reconstituted in 500 p\ of buffer supplied 
20 as part of a commercial neurokinin B radioimmunoassay Kit RlK 7357 by 
Peninsula Laboratories, Belmont, CA, USA to which naa added 0.2% igepal 
CA-630 non-ionic detergent (Sigma). Sub-samples of 25 ^1 were taken from 
extracted and non-extracted standards and mixed with 75 H l of the above 
buffer. Standards were prepared in buffer containing igepal, but to which had 
25 been added 200 i^g/mf Polypep. Anti-neurokinm antibody solution (100 H i) 
was added to all assay tufces except blanKs and the assay was conducted as 
described in the "General Protocol for Radioimmunoassay Kit" instructions. 
Assays were performed in duplicate ana results were corrected with 
reference to extracted standards. 

30 
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The plasma and placental levels of neuroKmin B in various human volunteers 
and rats were measured by the above methods The results of the plasma 
samples are summarised in Table i . Placental samples were collected from 
weeks 7 to 1 5 of pregnancy, and all seven were shown to contain equivalent 
5 significant amounts of neurokjnin B; however concentrations of plasma NKB 
detected at term were in the 100 picomoiar range that would De expected to 
have effects on the maternal cardiovasculature. Plasma samples taken from 
non-pregnant volunteers all had low levels of the peptide, as did the majority 
of plasma samples taKen from individuals who had Deen admitted for elective 

10 abortions at weeKs 7 to T5 Four samples from this latter group had 
concentrations equivalent to those- found at term. This suggests tnat the 
placenta from this ( ndividual ma/ have started to secrete supra-physiological 
concentrations of neurokinin B early in pregnancy. Samples of patients in 
late pregnancy suffenng from hypertension ana pre-eciampsa ail nad 

15 concentrations »n the nanomolar ranga suggesting that raised neurokinin B 
may b& responsible for their symptoms. 
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Table 1 



week of 


Nmoi/i NKB in 


Pregnancy 


normotensive 




pregnancies 


6 


0 


9 


0 


9 


0.97 


10 


0.535 


13 


0 


13 


0 


13 


0.083 


13 


0.5n 


14 


0 


14 


0 


14 


0.511 


L 17 


0.182 


17 


0.182 


18 


0 


23 \ 


0 12 


24 


0 


25 


0.17 


27 


0 


23 


0 


28 


0.033 


31 


0 


31 


0.031 


32 


0 


33 


0 


37 


0 


38 


0.07 


39 


0.138 


40 


0.05 


40 


0.2 


41 


0 118 



5 
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Week of 


Nmoi/I NK3 m pre- 


pregnancy 


eclamptic 




pregnancies 


30 


3.964 


34 


6.156 


36 


3.796 


37 


2.141 


38 


2.752 


39 


2.004 


39 


6.288 


39 


0.98 


TaDle 3 




Nnnoi/l NKB in 


Patient number 


normotensive 




preqnancies at term 


1 


0 


2 


0 


3 


0 


4 


0 


5 


0 


6 


0 


7 


0 


8 


0.064 


9 


0.118 


10 


0.143 


n 


0.22 


12 


Q.226 


13 


0.228 


14 


0.398 


15 


0321 


16 


1.317 



WO 01/3697? 



Table 2 
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CLAIMS; 

1. A Kit for the prediction or diagnosis of pregnancy induced 
5 hypertension, pre-eclampsia or related foetal complications comprising a 

Dinding partner, eg an antibody, to neurokinin B precursor gene product or 
variant or fragment tnereof. 

2. A Kit according to claim i further comprising instructions for the 
10 performance of an assay for predicting the levels of neurokinin B in a 

biological sample ana correiatjng the assay results with the hKeJy future 
development of pregnancy induced hypertension or pre-eciampsia or related 
foetal complications respectively 

15 3 A Kit for use in estimating the lifcely future degree of pregnancy 

induced hypertension or pre-eclampsia or related foetal complications, 
comprising a binding partner, eg an antibody, to neurokinin B precursor gene 
product or variant or fragment thereof, together with instructions for the 
performance of an assay for predicting the levels of neuroKrnin B jn a 

20 biological sample and correlating the assay results with the predicted future 
seventy of pregnancy induced hypertension or pre-eclampsia or related foetal 
complications, respectively 

4 A Kit as claimed in any one of claims t to 3 wherein the binding partner 
25 is an antibody specific for neurokinin B precursor, or neurokinin B or an 
epitopic fragment or epitopic variant thereof 

5. A Kit according to any one of claims 1 to 4 wherein the binding partner 
is an antibody specific for the human neurokinin B precursor having the 
30 sequence of figure 1 or an epitopic variant or epitopic fragment thereof. 
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6. A tot as claimed in any one of claims i to 5 which is a 
radioimmunoassay Kit, an enzyme linked immunosorbant assay Ktt. an 
immunoradiometric assay kit or a radioreceptor assay kit. 

5 7. A method of preventing or treating pregnancy induced hypertension or 
preeclampsia or related foetal complications in a human subject Dy tne 
administration of an agent which inhibits me Djoiogicat effect of neurokinin B 

8. The method as claimed in claim 7 wherem the agent which inhibits the 
10 biological effect of neurokinin B is an NKi, NK2 or NK3 antagonist. 

9. The method as claimed in claim 8 wherein tne NK3 antagonist is a 
decapeptide with the following formula - A 1 -D-Pro 2 -His 3 -D 4 -Phe 5 -D-Trp fi - 
Val 7 -D-Trp a -Leu 9 -Nle lQ -NhU wherein A 1 and D A are Asp or D-Asp amino 

15 acids or SR 142801. 

10. The method as cfaimed in claim 7 wnerein the agent which inhibits the 
biological effect of neurokjnin B is one which modulates the activity of the 
neurokinin B precursor gene promoter. 

20 

1 1 . The method as claimed m any one of claims 7 to iQ wnerein the agent 
is selected and administered such that rt effective over a 24 hour period. 

12. Use of human neurokinin B precursor gene product or variant or a 
25 fragment thereof in the manufacture of a diagnostic for use in me prediction 

or diagnosis of pregnancy-induced hypertension or pre-eciampsia or related 
foetal complications. 

13. Use of a human neurokinin B precursor gene product or variant or 
30 fragment thereof according to claim 12 r wherein the gene product is human 

neurokinin B precursor or human neurokinin B, or an epitopic variant or 
epitapic fragment thereof. 
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14 use of neurokinin B in the manufacture of a diagnostic for use in the 
prediction or diagnosis of pregnancy induced hypertension or the diagnosis 
of pre-eciampsja or related foetal complications, according to claims 12 or 
5 13. 

1 5. use of an agent which mhiDits the biological effect of neurokinin B m 
the manufacture of a medicament for the prevention or treatment of 
pregnancy induced hypertension or pre-edampsia or related foetal 

10 complications, 

16. The use as claimed in claim I5,wnerein the agent which inhibits the 
Dioiogical effect of neuroKinin B is an NKi, NK? or NK3 antagonist 

15 17. The use as claimed in claim 15 wherein the NKs antagonist is 

SR 142801 , or the decapeptides with the following formula : A 1 -D-Pro 2 -His 3 
-D* -Phe 5 -D-Trp 8 -val 7 -D-Trp 8 -Leu 9 -NJe l!J -NH 2 wherein A 1 and D* are Asp 
or [>Asp ammo acids 

20 18 The use as claimed in claim 15 wherein the agent which inhibits the 
biological effect of neurokinin B is one which modulates activity of the 
neurokinin B gene promoter. 

19 The use as claimed in any one of claims 15 to 18 wherein the 
25 medicament is formulated such that the agent is effective over a 24 hour 
period. 

20. A method of predicting or diagnosing pregnancy induced hypertension 
or pre-eciampsia or related foetal complications at an early stage in a human 
30 subject by assessing the concentration in a biological sample, e g. biood, of 
human neurokinin B precursor gene product or a variant or a fragment 
thereof. 
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21. A method of predicting or diagnosing pregnancy induced 
hypertension at an early stage in a human suDject or of predicting pre- 
eclampsia or related foetal complications at an eany stage in a human 

5 subject Oy assessing tfte concentration in a biological sample, e.g, bloaa, of 
neurokinin B or its precursor. 

22, A method according to claim 21 wherein neuroKinin B and its 
precursor have the sequences of figures 1 and 2 respectively, 

10 

23 The metnoa* as claimed in claims 20 to 22 comprising tno use of a itit 
as defined in any one of claims 1 or 2. 

24. A method of estimating tne likely future degree of pregnancy induced 
15 hypertension or pre-eciampsia or related foetaf complications »n a human 

subject Dy assessing the concentration in a biological sample, eg blood, of 
human neurokinin B precursor gene product or a variant or a fragment 
thereof, and correlating the result with ths predicted future seventy of 
pregnancy induced hypertension ore pre-eciampsia or related foetal 
20 complications. 

25. A method according to claim 24 compnsing assessing the 
concentration in a biological sample, e.g. felood, of nuerokinin B. 

25 26. The method as claimed in any one of claims 24 or 25 compnsing the 
use of a kit as defined in any one of claims 3 to 5. 

27. The metnod as claimed in claim 26 wherein the kit comprises an 
antibody specific Tor neurokinin B. 



30 
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28, The method as claimed in claim 26 or claim 27 wherein the kit is a 
radioimmunoassay kit an en2yme linked imrnunosorbant assay kit, an 
immunaradiometric assay kit or a radioreceptor assay M. 

5 ' 29 The use of neurokinin B or an agonist thereof in the reduction of blood 
volume m cases of hypotension. 

30. The use of neurokinin B or an agonist thereof in the preparation of a 
medicament for the reduction of Dlood volume in cases of hypotension 

31, A method of alleviating preeclampsia m a human suDjeci Dy modifying 
the diet of the human subject to reduce the content of toxin generating 
substances therein. 

15 32 A method of alleviating preeclampsia in a human subject including 
modifying the dietary pattern of tne suited to reduce concentrations of 
potential towns m the portal vein. 



20 



33. A dietary methodology for the alleviation of pre-eciampsia m a human 
subject in which the amount of toxin generating substances is reduced. 



